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WEBAPPLICATION SCRIPTMIGRATION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to computing. More particu 

larly, the present invention relates to the migration of web 
application scripts to remote computing devices. 

2. Description of the Related Art 
A web application, or webapp, is an application that is 

accessed via a web browser over a network (e.g. Internet, 
mobile phone network, etc.). A web application can also be a 
computer Software application that is coded in a browser 
Supported language (such as HTML, CSS, JavaScript, Java, 
PHP, etc.) and reliant on a common web browser to render the 
application executable. 
Web application code is typically stored on servers. At 

launch, the browser uses a web address such as a Uniform 
Resource Locator (URL) to fetch the web application code. 
The code is then downloaded to the device and the application 
is executed, either inside the browser or using the browser 
functionality. Over the course of execution, additional code 
can be downloaded and executed. The client device may also 
store the web application code locally, in which case the web 
application URL points to a local file. It is also possible that 
the web application is preloaded on the client device prior to 
delivery of the client device to a user. This is common with, 
for example, preloaded applications on cellphones or laptop 
computers. 

Runtime interpretation of Script code can slow down 
execution of web applications, relative to the execution speed 
of native applications. Specifically, most web applications are 
programmed using a scripting language (e.g., JavaScript) and 
Such scripting languages need to be interpreted at runtime. 
Contrast this with common native applications, which com 
pile their code prior to launch and thus do not require proces 
sor-intensive runtime interpretation. As a result, web appli 
cations are inherently slower than native applications. 
However, since Scripting languages are interpreted at runt 
ime, they provide interoperability between platforms. For 
example, a JavaScript code can run on any platform where a 
JavaScript engine is present. User interfaces written in HTML 
and CSS provide similar benefits and drawbacks. 

Consumers increasingly expect mobile devices to deliver 
performances similar to more powerful devices, such as desk 
tops. However, the drawbacks of web application scripts are 
actually intensified on mobile devices, which commonly have 
processors that are much less powerful than their desktop 
device counterparts. While the processing power of a desktop 
computer may be enough to give the user the impression that 
a web application is not much slower than a native applica 
tion, such an experience is not mirrored on a mobile device, 
especially mobile devices having very limited processing 
power and memory space, such as cellular phones. 

Nevertheless, more and more web applications are being 
developed for mobile devices, and the complexity of the web 
applications is also increasing. This is due to the ease of 
authoring, distribution, and maintenance of web applications 
and the platform independence and portability of such appli 
cations. Of course, the increasing profitability of web appli 
cation development for mobile devices has played a huge role 
as well. The success of mobile device web application distri 
bution portals such as iTunes from Apple, Inc., Android Mar 
ket from Google, Inc., and Palm's Application Catalog has 
greatly increased the amount of revenues that can be gener 
ated from web application distribution. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
Furthermore, the type of web applications developed has 

also expanded, so that they are not just limited to web pages 
anymore. Widgets, offline applications, games, and produc 
tivity software are examples of increasingly common types of 
web applications. 
The capabilities of web applications are also growing. Ajax 

(short for asynchronous JavaScript--XML) allows web appli 
cations to retrieve data from a server asynchronously, in the 
background, without interfering with the display and behav 
ior of the existing page. The use of Ajax techniques has led to 
an increase in interactive or dynamic interfaces. Other tech 
niques such as worker threads and canvas Scripting have 
increased the complexity of web applications. 
Of course, the increase in web application complexity only 

multiplies the slower processing issues of web application 
Scripts, especially when run on lesser-powered processors on 
mobile devices. 

SUMMARY OF THE INVENTION 

In a first embodiment of the present invention, a method is 
provided comprising: determining if a portion of a script of 
web application code within a web application is migratable 
to a remote infrastructure, wherein the portion of the script 
contains one or more functions; and modifying the portion of 
the script if the portion of the script is migratable, such that 
execution of the portion of the script results in the one or more 
functions being executed on the remote infrastructure, 
wherein the remote infrastructure is not restricted to the 
device on which the web application was designed or distrib 
uted. 

In a second embodiment of the present invention, a method 
for launching a web application on a client device is provided, 
wherein the web application includes web application code 
Script, the method comprising: retrieving one or more func 
tions from the web application code script that have been 
identified as migratable; for each of the one or more func 
tions: sending a copy of the function to a remote infrastruc 
ture; receiving a web address from the remote infrastructure, 
wherein the web address is such that, upon invocation, the 
remote infrastructure runs the copy of the function; and cre 
ating a stub function containing the web address, Such that 
when the stub function is executed by the client device, the 
web address is invoked. 

In a third embodiment of the present invention, a method 
for executing a web application function on a client device is 
provided, the method comprising: receiving a call of a stub 
function from a Software program, wherein the stub function 
has an identical signature to the web application function, 
wherein the stub function contains a web address of a remote 
function on a remote infrastructure; invoking the web address 
in order to cause the remote infrastructure to run the remote 
function; receiving values computed during the remote infra 
structures running of the remote function; and passing the 
values to the software program as if the client device had run 
the web application function. 

In a fourth embodiment of the present invention, a method 
for loading a web application function in a remote infrastruc 
ture is provided, the method comprising: receiving a copy of 
a web application function from a remote connection man 
ager of a client device; loading the copy of the web applica 
tion function for running; creating a web address correspond 
ing to the copy of the web application function, wherein the 
web address is such that, upon invocation at the client device, 
the copy of the web application function is run by the web 
application environment; and sending the web address to the 
client device. 



US 8,595,284 B2 
3 

In a fifth embodiment of the present invention, an extended 
browser is provided comprising: a source code analyzer con 
figured to examine web application script to determine if 
functions within the web application script are migratable; a 
Source code manager configured to, for any functions that are 
migratable, create a stub function containing a remote func 
tion call; and a remote connection manager configured to pass 
a copy of any functions that are migratable to a remote infra 
structure, receive web address for each of the remote func 
tions from the remote infrastructure, and pass the web 
addresses to the source code manager; and wherein the Source 
code manager is further configured to insert the web 
addresses into corresponding stub functions such that, upon 
execution of a stub function, a corresponding web address is 
invoked Such that the remote infrastructure runs a corre 
sponding remote function and returns the results. 

In a sixth embodiment of the present invention, an appara 
tus is provided comprising: a web application environment 
configured to: receive a copy of a web application function 
from a remote connection manager of a client device; load the 
copy of the web application function for running; create a web 
address corresponding to the copy of the web application 
function, wherein the web address is such that, upon invoca 
tion at the client device, the copy of the web application 
function is run by the web application environment; and send 
the web address to the client device. 

In a seventh embodiment of the present invention, an appa 
ratus is provided comprising: means for determining if a 
portion of a script of web application code within a web 
application is migratable to a remote infrastructure, wherein 
the portion of the script contains one or more functions; and 
means for modifying the portion of the script if the portion of 
the Script is migratable, such that execution of the portion of 
the Script results in the one or more functions being executed 
on the remote infrastructure, wherein the remote infrastruc 
ture is not restricted to the device on which the web applica 
tion was designed or distributed. 

In an eighth embodiment of the present invention, a pro 
gram storage device readable by a machine is provided tan 
gibly embodying a program of instructions executable by the 
machine to perform a method comprising: determining if a 
portion of a script of web application code within a web 
application is migratable to a remote infrastructure, wherein 
the portion of the script contains one or more functions; and 
modifying the portion of the script if the portion of the script 
is migratable, such that execution of the portion of the script 
results in the one or more functions being executed on the 
remote infrastructure, wherein the remote infrastructure is 
not restricted to device on which the web application was 
designed or distributed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram illustrating a system architecture in 
accordance with an embodiment of the present invention, and 
depicts the two functional blocks. 

FIG. 2 is a diagram illustrating a typical web browser. 
FIG.3 is a diagram illustrating an enhanced web browser in 

accordance with an embodiment of the present invention. 
FIG. 4 is a flow diagram illustrating a method for launching 

a web application in an enhanced browser inaccordance with 
an embodiment of the present invention. 

FIG. 5 is a flow diagram illustrating a method for executing 
a function of a web application Script in accordance with an 
embodiment of the present invention. 

FIG. 6 is a flow diagram illustrating a method in accor 
dance with another embodiment of the present invention. 
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4 
FIG. 7 is a flow diagram illustrating a method for loading a 

web application function in a remote infrastructure in accor 
dance with an embodiment of the present invention. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

Reference will now be made in detail to specific embodi 
ments of the invention including the best modes contemplated 
by the inventors for carrying out the invention. Examples of 
these specific embodiments are illustrated in the accompany 
ing drawings. While the invention is described in conjunction 
with these specific embodiments, it will be understood that it 
is not intended to limit the invention to the described embodi 
ments. On the contrary, it is intended to cover alternatives, 
modifications, and equivalents as may be included within the 
spirit and scope of the invention as defined by the appended 
claims. In the following description, specific details are set 
forth in order to provide a thorough understanding of the 
present invention. The present invention may be practiced 
without some or all of these specific details. In addition, well 
known features may not have been described in detail to avoid 
unnecessarily obscuring the invention. 

In accordance with the present invention, the components, 
process steps, and/or data structures may be implemented 
using various types of operating systems, programming lan 
guages, computing platforms, computer programs, and/or 
general purpose machines. In addition, those of ordinary skill 
in the art will recognize that devices of a less general purpose 
nature. Such as hardwired devices, field programmable gate 
arrays (FPGAs), application specific integrated circuits 
(ASICs), or the like, may also be used without departing from 
the scope and spirit of the inventive concepts disclosed herein. 
The present invention may also be tangibly embodied as a set 
of computer instructions stored on a computer readable 
medium, Such as a memory device. 

In an embodiment of the present invention, a web browser 
is designed that has the capability to migrate code written in 
a web application scripting language. Such as JavaScript, to a 
potentially faster remote computing device, such as a server. 
This server need not be the same server on which the web 
application code was developed, or even a server controlled or 
authorized by the creator of the web application code. Rather, 
the selection of the remote computing device is completely up 
to the client. 
By performing computation-intensive processing on a 

faster remote machine, the performance of existing web 
applications can be increased. This not only will dramatically 
improve the user experience, but also will allow web appli 
cation developers to have the freedom to write even more 
computation-intensive applications. 

Apart from the gains in speed of execution described 
above, the present invention can also potentially lead to 
resource conservation, Such as a reduction of battery power 
consumption. 

Furthermore, the present invention keeps the compatibility 
of existing web applications, while only requiring very mini 
mal changes to existing codes. 

It should be noted that this document describes the inven 
tion using JavaScript as the main web application scripting 
language. However, one of ordinary skill in the art will rec 
ognize that any web application scripting language could be 
used. 

In an embodiment of the present invention, two functional 
blocks are utilized to achieve migration of web application 
code. FIG. 1 is a diagram illustrating a system architecture in 
accordance with an embodiment of the present invention, and 
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depicts the two functional blocks. An enhanced browser 100 
operates on a client device 102. The client device 102 may be 
any client device, Such as a cell-phone, set-top box, laptop, or 
desktop. The second functional block is a remote infrastruc 
ture 104 operating on a remote machine 106. The type of 
machine 106 can also vary. While embodiments where the 
machine 106 is a server, such as a desktop-based server, are 
likely, embodiments are also foreseen where the machine 106 
is another device operated by the user who operates the client 
device 102, such as a laptop when the client device 102 is a 
cell phone. The remote machine 104 can also be a pool of 
lesser powered computing devices, such as a group of neigh 
boring cell phones. For example, if the user's cell phone is a 
company cellphone, the company may have set the phone up 
so that it can migrate code to other company cell phones 
within the same vicinity that arent being used, in order to 
distribute the processing tasks among all the available 
SOUCS. 

It should also be noted that the development of the web 
application code itself need not occur on a traditional server. 
As such, the use of the term "server to describe the apparatus 
upon which the web application code was developed shall be 
construed broadly to mean any software or hardware device 
that sends data to a client software or hardware device. 

FIG. 2 is a diagram illustrating a typical web browser. The 
web browser 200 has a series of components. This may 
include a parser module 202, a rules module 204, a rendering 
and layout module 206, and a scripting engine 208. The parser 
module 202 is responsible for parsing web application Script, 
as well as other web languages such as HTML and CSS, and 
for constructing a data structure representing the document. 
Typically this data structure is the Document Object Model 
(DOM). A rules module 204 is responsible for applying rules 
that determine the visual appearance of the web application, 
such as CSS rules. A rendering and layout module 206 is 
responsible for rendering the user interface of the web appli 
cation. A scripting engine 208 is responsible for executing the 
web application script, such as JavaScript. It should be noted 
that these modules are frequently updated. For example, the 
browser may not be distributed with JavaScript capabilities, 
but the user of the browser may later download and install a 
JavaScript engine to enable such capabilities. 

FIG.3 is a diagram illustrating an enhanced web browser in 
accordance with an embodiment of the present invention. A 
migration module 300 is added to the browser 302. This 
migration module 300 sits in the path between the parser 
module 304 and the scripting engine 306. The migration 
module 300 is responsible for handling annotated script, as 
described later, to enable remote execution. 

Referring back to FIG. 1, the migration module 108 is 
pictured in the enhanced browser 100. The migration module 
108 includes a source code analyzer 110, a source code gen 
erator 112, and a remote connection manager 114. 
The source code analyzer 110 identifies web application 

Script that can be migrated to a remote machine. This can be 
performed in a number of different ways. In one embodiment 
of the present invention, developers can annotate Script tags 
with special attributes to explicitly inform the source code 
analyzer 110 of the code that needs to be migrated. This will 
be described in more detail below. In another embodiment of 
the present invention, the source code analyzer 110 can exam 
ine the Script code and determine on its own whether sections 
are migratable or not. This can be challenging as web appli 
cations are very dynamic, and thus it is difficult to tell until 
runtime how many resources a particular section of code may 
need. However, embodiments are foreseen where a threshold 
or thresholds are utilized to determine whether a particular 
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6 
code section is migratable. These thresholds may be resource 
related, such as the device having available battery power 
below a certain amount, and/or network bandwidth being 
above a certain amount, making migration more possible/ 
desirable. The determination could also be more intelligent, 
weighing many factors and the Script code itself to determine 
whether or not a code section is migratable. 
As will be described later, the granularity on which the web 

application script is divided into migratable and non-migrat 
able sections can vary. In one embodiment, an entire web 
application Script (as delineated by a <script tag->) can be 
identified as migratable. In another embodiment, individual 
functions (as delineated by “function' headers) can be iden 
tified as migratable. In other embodiments, other sections of 
code may be delineated as migratable. 
The source code manager 112 generates additional web 

application source code for each section of code identified for 
migration by the source code analyzer 110. In an embodiment 
of the present invention, this includes generating a stub func 
tion. A stub function essentially acts as a proxy for actual 
Source code. Thus, if the migratable source code is a particu 
lar function, the stub function is called in the same way as the 
function would normally be called, having the same signature 
(name, input parameters, and return type) as the underlying 
function. However, the Source code manager 112 replaces the 
contents of the function with simply a call to a remote func 
tion. Essentially, the inside of the function has been stripped, 
leaving only a redirection call to a remote function. The 
Source code manager 112, then creates a remote function that 
has code identical to the original function, but is meant for 
execution on a remote machine. In this way, the Source code 
manager 112 works directly with the remote connection man 
ager 114, which is described below, in order to obtain the 
necessary information about the remote machine used for the 
migration, in order to properly create the stub function and 
remote function. 
The remote connection manager 114 is responsible for 

setting up the connection between the enhanced browser 100 
and the remote infrastructure 104. This can be performed in a 
number of different ways. In one embodiment of the present 
invention, the remote connection manager 114 contains a list 
of remote infrastructure servers that can execute code for the 
client. It may then pickaremote infrastructure server from the 
list at the time the web application is launched, either ran 
domly or based oncertain parameters, such as userpreference 
or network latency. Once the remote infrastructure server is 
identified, the URL for the remote infrastructure server is 
added to the stub function by the source code manager 112. 
An interface between the remote connection manager 114 
and the source code manager 112 is provided to exchange this 
information. The remote connection manager 114 then sends 
the remote function generated by the Source code manager 
112 to the selected remote infrastructure server(s), along with 
the URL of the web application. The remote connection man 
ager 114 maintains sessions for each web application. If the 
web application is not used for alongtime or is unloaded from 
the browser, it destroys the session. 

Turning now to the remote side, a remote infrastructure 104 
contains a web application script engine 116 that executes the 
web application script. Additionally, an interface 118 is pro 
vided to load and execute the web application script within 
the application Script engine 116. 
The remote infrastructure 104 runs on a remote machine, 

Such as a desktop or laptop computer, a server, or a cloud. It 
receives web application functions from the remote connec 
tion manager 114 along with the URL of the web page on 
which the functions were found. For each unique web page 
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URL, the remote infrastructure 104 creates an instance of the 
web application environment and loads the function into it. It 
then creates a corresponding URL for the function and sends 
it back to the remote connection manager 114. When the 
client then invokes this URL, the corresponding function is 
executed in the remote infrastructure's environment and the 
values returned by the function are sent back to the client. The 
remote infrastructure also provides an interface to destroy the 
created instances. 

In an alternative embodiment, the remote functions need 
not be “set up” for execution by the remote infrastructure, but 
rather can be executed by the remote infrastructure immedi 
ately when sent by the client (i.e., at runtime). In Such an 
instance, there is no need for the remote infrastructure to send 
a URL to the client to invoke the functionality. The client 
simply sends the migratable code to the remote infrastructure 
when it needs to be executed, with instructions to execute the 
code. The remote infrastructure then executes the presented 
code and returns the results. In this case, the remote infra 
structure exposes a generic “evaluate” (or execute) method 
that can take any script body, execute it, and return the results. 

FIG. 4 is a flow diagram illustrating a method for launching 
a web application in an enhanced browser inaccordance with 
an embodiment of the present invention. This method is 
intended to be executed upon launch of the web application 
by a client, however, embodiments are foreseen wherein the 
method may be executed again while the web application is 
running in order to refresh or otherwise alter the remote 
infrastructures being used to run the migratable code. At 400, 
the browser downloads the web application code and starts 
parsing the web application script. At 402, when the parser 
encounters a script tag (e.g., <script), it passes control to the 
Source code analyzer. At 404, the Source code analyzerlooks 
for explicit markers, such as special attributes, to inform it to 
migrate functions within the script tag. There are different 
embodiments as to different types of explicit markets, which 
will be described in more detail later. At 406, the source code 
manager receives an identification of the functions chosen for 
migration from the source code analyzer. 

At 408, for each function chosen for migration, a stub 
function is generated with the same signature as the original 
function, and a remote function is also generated, the remote 
function being a copy of the original function. At 410, the 
Source code manager sends the remote function to a remote 
connection manager along with the URL of the web applica 
tion script. At 412, the remote connection manager identifies 
a remote infrastructure to which to migrate the code. At 414, 
the remote connection manager sends the remote function to 
the identified remote infrastructure along with the URL of the 
web application script. At 416, a new URL used to invoke the 
original function remotely is received from the remote infra 
structure. At 418, the remote code manager passes the new 
URL to a source code manager. At 420, the source code 
manager inserts the new URL into the stub function and loads 
the stub function into the environment of the browser. 

FIG. 5 is a flow diagram illustrating a method for executing 
a function of a web application Script in accordance with an 
embodiment of the present invention. It is assumed at this 
point that the method described above in FIG. 4 has been 
executed upon launch of the web application. At 500, the stub 
function is executed. At 502, the URL for the remote function 
within the stub function is invoked. At 504, values for an 
execution of the remote function are received from the remote 
infrastructure. At 506, these values are passed to the stub 
function. At 508, the stub function returns the values to the 
caller of the stub function. 
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8 
What follows is an example of an execution of the above 

methods on a web application Script. One of ordinary skill in 
the art will recognize that this is only an example, and is not 
intended to be limiting. A fragment of the script or marked for 
migration by developers as follows: 

Original Web Application Script 

<html> 
if normal script 
<scripts 
function a() { 
//body of function a 
return a: 

<scripts 
fiscript marked for migration 
<script migratable=true 
function b(){ 
//body of function b 
return b: 

<scripts 
<body> 
fi rest of the web application 
</body> 

The above script is then modified by the Enhanced 
Browser. The function marked for migration is replaced with 
a stub function. The stub function communicates with the 
remote function running on the remote infrastructure. For the 
web application, the original and the stub function appear 
identical in their behavior. In this embodiment, the original 
function marked for migration is not loaded into the browser. 

Modified Web Application Script 

<html> 
if normal Script remains unchanged 
<scripts 
function a(){ 
//body of function a 
return a: 

<scripts 
if script modified to Support migration 
<script migratable=true 
if stub function forb 
function b(){ 

ficall to remote function on the server 

if value from remote function returned 
return remote b: 

<scripts 
<html> 

The original function is then run on the web application 
environment on the remote infrastructure. 

Remote function running on remote infrastructure 

function b(){ 
//body of function b 

return b: 

While the embodiment described above supports marking 
an entire Script region (enclosed within (<script and </script 
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tags) as being migratable, it might be restrictive or inconve 
nient for the developers. Specifically, if a developer wishes 
for Some functions within a web application to be migratable 
and some to be non-migratable, and both types are contained 
within a single <script tag, then the developer must alter the 
Script to create a separate Script tag for the non-migratable 
functions and move all the non-migratable functions to that 
new script tag. As such, additional embodiments are provided 
to enable a developer to annotate individual functions. 

Individual functions can be annotated as candidates for 
remote execution with a simple language extension to the web 
application script. A sample syntax is described below, how 
ever, one of ordinary skill in the art will recognize that there 
are other syntaxes that could be utilized for the same purpose. 
The following snippet is a normal JavaScript code block 

that is marked as migratable at the <script </script block 
level. 

<script migratable=true 
function b(){ 
//body of function b 
return b: 

function c() { 
f/Body of the function c 
return c; 

function d() 

f/Body of function d 
return d: 

. More functions 
<scripts 

In the code snippet above, all the functions within the 
<script migratable=true block are marked for migration. If 
the developer intends to mark only a subset of the functions as 
candidates for migration, the following annotation shown the 
code Snippet below can be employed. The mechanism for 
achieving migration is the same as the original embodiment. 

<scripts 
function b(): migratable 
{ 
//body of function b 
return b: 

function c() { 
f/Body of the function c 
return c; 

function d(): migratable 

f/Body of function d 
return d: 

. More functions 
<scripts 

The difference between the two code snippets is that, in the 
first, all functions within the <script </script block are 
marked as migratable. In the second, however, only indi 
vidual functions (band d) are marked as migratable. 

While developing large applications, it would also be con 
Venient for developers to mark individual functions as non 
migratable. This can also be achieved with a simple extension 
to web application as shown below. 
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10 

<script migratable=true 
function b(){ 
//body of function b 
return b: 

function c() : non-migratable 
{ 
f/Body of the function c 
return c; 

function d() 

f/Body of function d 
return d: 

. More functions 
<scripts 

With the extension shown above, all functions within the 
<scripts </script block with “migratable=true' attribute set 
will be marked for migration as a default, except for only 
those which are specifically annotated as “non-migratable'. 
As described earlier, the ultimate decision as to whether or 

not to migrate a function or script lies with the client. As such, 
even if the code is marked as migratable by the developer, the 
client can make the decision as to whether or not it makes 
sense to migrate the code. However, embodiments are pos 
sible wherein the developer can indicate that certain pieces of 
code must or must not be migrated, rather than simply indi 
cating that they are migratable. As such, embodiments are 
also possible wherein the extensions used by the developer 
are able to specify whether a function must be migrated. The 
extensions could also specify that the function is unable to be 
migrated, as distinguished from specifying that it is recom 
mended, but not mandatory, that the code not be migrated. 

Furthermore, an embodiment was described above for dis 
covering a remote machine based on a predefined list, to 
which the code can be offloaded. In an alternate embodiment, 
another mechanism is provided by which a client device can 
discover a remote machine to which the code can be off 
loaded. In this alternative embodiment, the remote connec 
tion manager on the client device is modified to Scan (a) the 
vicinity/local network, or (b) the Internet, to communicate 
with a remote machine, as opposed to simply picking from a 
list. 

Scanning the local network can be implemented as a mes 
sage broadcast over a pre-agreed port. The remote machines 
which are capable of providing Support for migration are 
listening on this pre-defined port and respond to any incoming 
requests. This request-response protocol can then be used to 
identify a remote machine. 
To contact a remote machine on the wider area network, a 

directory service (similar to the DNS service) can be estab 
lished, which keeps information about the available remote 
machines. The client device that needs one or more corre 
sponding remote machines can communicate with the direc 
tory service to gain access to the required remote machines. It 
should be noted that there can be many other ways of enabling 
the same feature. 

It should also be noted that it is not necessary that the web 
application actually be received directly from a server. The 
web application may be pre-installed on the client device, 
Such as applications that are installed on cellular phones prior 
to shipment to customers. One key aspect here, however, is 
the fact that the remote infrastructure can be a device other 
than a device, such as a server, on which the web application 
was created or distributed. 
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FIG. 6 is a flow diagram illustrating a method in accor 
dance with another embodiment of the present invention. This 
method may be executed by a client device. More particularly, 
this method may be executed by, for example, a web browser 
operating on a client device. At 600, it is determined if a 
portion of a script of web application code within a web 
application is migratable to a remote infrastructure, wherein 
the portion of the script contains one or more functions. This 
may include, for example, examining the Script to identify 
whether one or more functions have been identified within the 
Script as migratable, such as a script section identified as 
migratable that contains the functions, or even the functions 
identified individually as being migratable. At 602, if the 
portion of the Script is migratable, the portion of the script is 
modified such that execution of the portion of the script 
results in the one or more functions being executed on the 
remote infrastructure, wherein the remote infrastructure is 
not a device on which the web application was designed or 
distributed. Both 600 and 602 may be performed upon launch 
of the web application, or at a later time. 

FIG. 7 is a flow diagram illustrating a method for loading a 
web application function in a remote infrastructure in accor 
dance with an embodiment of the present invention. This 
method is performed by a remote infrastructure in communi 
cation with a client device. At 700, a copy of a web application 
function is received from a remote connection manager of a 
client device. At 702, the copy of the web application function 
is loaded for running. At 704, a URL corresponding to the 
copy of the web application function is created, wherein the 
URL is such that, upon invocation at the client device, the 
copy of the web application function is run by the web appli 
cation environment. At 706, the URL is sent to the client 
device. 

While the invention has been particularly shown and 
described with reference to specific embodiments thereof, it 
will be understood by those skilled in the art that changes in 
the form and details of the disclosed embodiments may be 
made without departing from the spirit or scope of the inven 
tion. In addition, although various advantages, aspects, and 
objects of the present invention have been discussed herein 
with reference to various embodiments, it will be understood 
that the scope of the invention should not be limited by ref 
erence to Such advantages, aspects, and objects. Rather, the 
scope of the invention should be determined with reference to 
the appended claims. 
What is claimed is: 
1. A method comprising: 
determining if a portion of a script of code for a web 

application is migratable to a remote infrastructure, 
wherein said portion of the script comprises one or more 
functions; and 

modifying said portion of the Script if said portion of the 
Script is migratable, wherein modifying said portion of 
the script results in said one or more functions being 
executed on the remote infrastructure during execution 
of said portion of the script; 

wherein said portion of the script is migratable if each of 
said one or more functions is identified within said por 
tion of the script as migratable using an extension to the 
Script. 
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2. The method of claim 1, wherein: 
the determining if said portion of the Script is migratable is 

performed upon launch of the web application; 
the modifying said portion of the script if said portion of the 

Script is migratable is performed upon launch of the web 
application; and 

the remote infrastructure is not a device on which the web 
application was designed or distributed. 

3. The method of claim 1, wherein the determining if said 
portion of the script is migratable comprises examining said 
portion of the script to identify whether said one or more 
functions are identified within said portion of the script as 
migratable. 

4. The method of claim 3, wherein: 
said one or more functions are identified as migratable if 

said one or more functions are contained in a section of 
the Script that is identified as migratable; and 

additional code is generated for each section of the script 
that is identified as migratable. 

5. The method of claim 3, wherein said one or more func 
tions are identified as migratable if each of said one or more 
functions is not identified as non-migratable using an exten 
sion to the script. 

6. An apparatus comprising: 
a memory device for maintaining code for a web applica 

tion; 
means for determining if a portion of a script of said code 

for said web application is migratable to a remote infra 
structure, wherein said portion of the Script comprises 
one or more functions; and 

means for modifying said portion of the Script if said por 
tion of the Script is migratable, wherein modifying said 
portion of the Script results in said one or more functions 
being executed on the remote infrastructure during 
execution of said portion of the Script; 

wherein said portion of the script is migratable if each of 
said one or more functions is identified within said por 
tion of the Script as migratable using an extension to the 
Script. 

7. A non-transitory program storage device readable by a 
machine tangibly embodying a program of instructions 
executable by the machine to perform a method comprising: 

determining if a portion of a script of code for a web 
application is migratable to a remote infrastructure, 
wherein said portion of the script comprises one or more 
functions; and 

modifying said portion of the Script if said portion of the 
Script is migratable, wherein modifying said portion of 
the script results in said one or more functions being 
executed on the remote infrastructure during execution 
of said portion of the script; 

wherein said portion of the script is migratable if each of 
said one or more functions is identified within said por 
tion of the Script as migratable using an extension to the 
Script. 


